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Science
Topics: Structure of the atom, radioactivity and half life
Activities
1) 

PowerPoint revision slides on Structure of the Atom (Lesson 1) 
2) 

PowerPoint revision slides on alpha, beta and gamma radiation (Lesson 2) 
3) 

PowerPoint revision slides on half-life in radioactivity (Lesson 3) 
4) 
[bookmark: _GoBack]Word document on revision questions of Atomic Structure (I) (Lesson 4) 
5) All questions contain solutions at the end of the file


    By Mr Hazari
Thursday 26th March 2020
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What is alpha, beta and gamma radiation?









An unstable nucleus emits alpha particle (made of 2 protons and 2 neutrons.

This makes the new nuclei formed stable









The unstable nucleus emits a beta particle 

(an electron) to become more stable.











After the emission of alpha or beta particles the nucleus emits a gamma ray

(an electromagnetic wave)







We can detect radiation by using 

an instrument called a Geiger Muller 

tube.

The instrument measures the activity 

of the source







Materials that stop alpha, beta and gamma radiation





		Type of
radiation		Nature
(what they
Are made of)		Penetrability
(what they can be
Stopped by)		Ionising
Ability (Medium, low, high)		Relative
Mass
(Heavy, no mass, light)		Relative
Charge
(-1, +2, 0)		Deflect by electric or magnetic field (Y/N)		Origin
(where do they come from)

		Alpha
particle
(α)		2p+2n
Helium nuclei
 		5 cm in air
Thin paper 		 
high 		 
heavy		+2 		Y 		From nucleus 

		Beta
particle
(β)		High energy electron 
		Few metres in air
3mm metal 		medium 		 
light		 -1		 
Y		From nucleus 

		Gamma
rays
(γ)		 Short wavelength EM wave		 few metres of concrete or
few cm of lead		 low		No mass 		 0		 
NO		From nucleus 







		What are Nuclear Equations?
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Uranium-238 can decay into thorium-234 by emitting an alpha
particle. Uranium has 92 protons and thorium has 90 protons.

P

uranium-238 thorium-234

‘The nuclear equation for this decay looks like this:

|
’,’?UT “oTh+:He

On the left-hand side: | On the right-hand side:

- Themassnumberis238. | = The olal of the mass numbers s:
234+4-238.

= Theatomic numberis 92. | = The total of the atomic numbers is:
90+2-92.

So both sides of the equation balance.
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Example 2 — alpha decay
2\
wPu— U + 7 [{MATHS
\skiii
N

Balancing mass numbers, 238 = 234 + 4, so the mass number of He is 4.

Balancing atomic numbers, 94 = 92 + 2, so the atomic number of U is 92
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The full equation is:

WPu— WU + iHe
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Example 3 — beta decay

Carbon-14 can decay into nitrogen-14 by emitting a beta particle
(when a neutron turns into a proton).

M / © B-particle

carbon-14 nitrogen-14

ionis: i 0
The equation is: ' /C — "N+ ‘e

and the mass and atomic numbers balance on each side. Brill.









What s alpha, beta and gamma radiation?
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[image: image1.png]Practice Questions — Application

Q1 This diagram shows the paths of three
types of radiation, A, B and C, being : #
directed towards a human hand and c L
a thick metal sheet.

a) Which radiation (A or B) is more penetrating? How can you tell?
b) Which radiation (A or B) is likely to be alpha radiation? Why?
c) Explain what radiation C is likely to be and how you know.

Q2 Americium-241 decays into neptunium-237.
The nuclear equation for this decay is:

241 27

wAm — “INp + jHe

What type of decay is this — alpha or beta?






[image: image2.png]Q3 Radium-228 decays into actinium-228 by emitting an electron.
a) What is the name of this decay?
b) Complete the following nuclear equation for this decay:

wRa— ’Ac + Je

Q4 Radioactivity can be used to measure the thickness of paper during
manufacture. A beta source is placed on one side of the paper, and
a detector detects how much beta radiation gets through it.
Explain why this process couldn’t use:

a) an alpha source. b) a gamma source.






Solutions


[image: image3.png]Q1

Q2
Q3

Q4

a) Radiation A, as it passes through the hand and
radiation B doesn’t.

b) Radiation B, as it doesn’t even penetrate through
the hand.

c) Gamma radiation, as it penetrates through all of
the materials.

Alpha decay.

a) Beta decay

b) “Ra— “LAC + Se

Remember you need to balance the atomic and mass

numbers on each side of the equation.

a) Alpha particles would be stopped by the paper.

b) Gamma rays would pass straight through the
paper, whatever its thickness.
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What is meant by the half-life in radioactivity?





















To determine the 

half-life From a 

graph

½ of 2000  = 1000

Then extrapolate 

From 1000 as 

shown using the 

blue line



Half-life = 8 min













Plot a graph of time (horizontal axis) 

versus count rate (vertical axis)





Questions relating to the graph:



Determine the half life 

What is the count rate after 17 minutes

What is the time when the count rate was 160 counts/min
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Radioactive decay is entirely random. So you can't predict exactly which
nucleus in a sample will decay next, or when any one of them will decay.
But you can find out the time it takes for the amount of radiation emitted by a
source to halve, this is known as the half-life. It can be used to make
predictions about radioactive sources, even though their decays are random.

Half-life can be used to find the rate at which a source decays — its activity.
Activity is measured in becquerels, Bq (where 1 Bq is 1 decay per second).
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Half-life is the time it takes for the number of
nuclei of a radioactive isotope in a sample to halve.

unstable nucleus

stable nucleus

Figure 1: A diagram showing how the number of unstable nuclei
of a radioactive isotope in a sample decreases over two half-lives.
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Exa

The activity of a radioisotope is 640 cpm (counts per minute).
Two hours later it has fallen to 80 cpm.

Find the half-life of the sample. @'S)
=

You must go through it in short simple steps like this:

after one after two after three
initial count half-life halflives half-ives
v M v M
640 (:2) 320  (:2) 160 (:2) 80

It takes three half-lives for the activity to fall from 640 to 80. Hence two
hours represents three half-lives, so the half-life is 120 mins + 3
=40 minutes.
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What s meant by the hafIfe in radioactivity?
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[image: image1.png]Practice Questions pplica

Q1 A radioactive source with a half-life of 15 minutes has an initial
count rate of 240 cpm. What will the count rate be after 1 hour?

Q2 A radioactive source has an initial count rate of 16 cpm and after 2
hours it has decreased to 4 cpm. What is the half-life of this source?

Q3 The activity of a source is 32 Bq. After how many half-lives will the
activity have dropped to 4 Bq?

Q4 Find the half-life of the radioisotope from this graph of the activity of
the radioisotope against time.






[image: image2.png]Q4

Find the half-life of the radioisotope from this graph of the activity of
the radioisotope against time.
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Answers


[image: image3.png]Q1 After 1 hour (60 minutes), it will have had 4
half lives because 60 + 15 = 4.
So it will have halved four times.
After one half-life: 240 + 2 =120
After two half-lives: 120 +2 = 60
After three half-lives: 60 + 2 =30
After four half-lives: 3 15
So the count rate will be 15 cpm.
Q2 Initial count rate = 16
After one half-life: 16 8
After two half-lives: 8 +2 =4
S0 2 hours is 2 half-lives. So one half-life is 1 hour.
Q3 Initial activity = 32 Bq
After one half-life: 32
After two half-lives: 16 +2 = 8
After three half-lives: 8 + 2 =4
Therefore, it will have dropped to 4 Bq after
3 half-lives.







[image: image4.png]Q4

‘The initial count rate is 120, so after one half-life it
will have decreased to 60. Find 60 on the activity
axis and follow across to the curve and then down to
the time axis.
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The half-life is 40 seconds.
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Revision Questions: Radioactivity

Q1.


The diagram shows the structure of an atom.


 [image: image1.png]



Not drawn to scale


(a)     In 1931 scientists thought that atoms contained only protons and electrons.


Suggest what happened in 1932 to change the idea that atoms contained only protons and electrons.


___________________________________________________________________


___________________________________________________________________


(1)


(b)     The table gives information about the particles in an atom.


Complete the table by adding the names of the particles.


 


		Particle

		Relative Mass

		Relative Charge



		 

		1

		0



		 

		very small

		–1



		 

		1

		+1





(2)


(Total 3 marks)


Q2.


Radioactive nuclei can emit alpha, beta or gamma radiation.


(a)  Which type of radiation is the most penetrating?


Tick one box.


 


		Alpha (α)

		[image: image2.jpg]







		Beta (β)

		[image: image3.jpg]







		Gamma (γ)

		[image: image4.jpg]









(1)


(b)  Which type of radiation is the most ionising?


Tick one box.


 


		Alpha (α)

		[image: image5.jpg]







		Beta (β)

		[image: image6.jpg]







		Gamma (γ)

		[image: image7.jpg]









(1)


(c)  Which type of radiation has the longest range in air?


Tick one box.


 


		Alpha (α)

		[image: image8.jpg]







		Beta (β)

		[image: image9.jpg]







		Gamma (γ)

		[image: image10.jpg]









(1)


When radioactive isotopes in the Earth’s crust decay they release energy.


The decay causes the heating of rocks in the crust.


(d)  The diagram below shows the decay of uranium-238 (U-238) into thorium-234 (Th-234).


[image: image11.jpg]238 234° 4
05U 2 Th+He




 


Complete the table below to show the number of neutrons and protons in the nuclei.


 


		Isotope

		Number of neutrons

		Number of protons



		uranium-238

		146

		 



		thorium-234

		 

		90





(2)


 (Total 5 marks)


Q3.


The figure below is a diagram of an alpha particle and a helium atom.


[image: image12.png]Alpha particle Helium atom




 


(a)     What is the approximate size of a helium atom?


Tick one box.


 


		1 × 10–5 m

		[image: image13.png]







		1 × 10–10 m

		[image: image14.png]







		1 × 10–15 m

		[image: image15.png]







		1 × 10–20 m

		[image: image16.png]









(1)


(b)     A helium atom is much larger than an alpha particle.


Give one other difference between a helium atom and an alpha particle.


___________________________________________________________________


___________________________________________________________________


(1)


(c)     What is the atomic number of the helium atom in the figure above?


Tick one box.


 


		2

		[image: image17.png]







		4

		[image: image18.png]







		6

		[image: image19.png]







		8

		[image: image20.png]









(1)


(d)     What is the charge on the helium atom in the figure above?


Explain your answer.


___________________________________________________________________


___________________________________________________________________


___________________________________________________________________


___________________________________________________________________


___________________________________________________________________


(3)


(e)     Helium is a gas that occurs naturally.


There is very little helium on Earth.


Helium has important uses in medicine and is also used to inflate party balloons.


Some scientists believe that helium should not be used to inflate party balloons.


Why?


___________________________________________________________________


___________________________________________________________________


___________________________________________________________________


___________________________________________________________________


(2)


(Total 8 marks)


Q4.


Alpha, beta and gamma are types of nuclear radiation.


A teacher sets up a demonstration of the penetration properties of alpha, beta and gamma radiation.


The figure below shows the demonstration.


[image: image21.png][ |
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(a)     Complete the figure above by writing the name of the radiation in each box.


(2)


(b)     Give two safety precautions the teacher should take in the demonstration.


1. _________________________________________________________________


___________________________________________________________________


2. _________________________________________________________________


___________________________________________________________________


(2)


(c)     The table below shows how the count rate of a radioactive source changes with time.


 


		Time in seconds

		0

		40

		80

		120

		160



		Count rate in counts / second

		600

		463

		300

		221

		150





Describe the relationship shown in the table above.


___________________________________________________________________


___________________________________________________________________


___________________________________________________________________


___________________________________________________________________


(2)


(d)     Use the table above to predict the count rate after 200 seconds.


___________________________________________________________________


___________________________________________________________________


___________________________________________________________________


Count rate = ____________ counts / second


(2)


(e)     The half-life of the radioactive source is very short.


Give one reason why the source would be much less hazardous after 800 seconds.


___________________________________________________________________


___________________________________________________________________


(1)


(Total 9 marks)


Q5.


(a)     The diagrams represent three atoms X, Y and Z.


[image: image22.png].7
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X     Y          Z


Which two of the atoms are from the same element?


___________________________________________________________________


Give a reason for your answer.


___________________________________________________________________


___________________________________________________________________


(2)


(b)     In the early part of the 20th century some scientists investigated the paths taken by positively charged alpha particles into and out of a very thin piece of gold foil. The diagram shows the paths of three alpha particles.


[image: image23.png]Gold nucleus




 


Explain the different paths A, B and C of the alpha particles and what this tells us about the structure of the atom.


To gain full marks in this question you should write your ideas in good English. Put them into a sensible order and use the correct scientific words.


___________________________________________________________________


___________________________________________________________________


___________________________________________________________________


___________________________________________________________________


___________________________________________________________________


___________________________________________________________________


___________________________________________________________________


___________________________________________________________________


(6)


(Total 8 marks)


Mark schemes


Q1.


(a)     neutron discovered


1


(b)      neutron


all 3 in correct order


electron


allow 1 mark for 1 correct


proton


2


[3]


Q2.


(a)  gamma


1


(b)  alpha


1


(c)  gamma


1


(d)


		isotope

		number of neutrons

		number of protons

		 



		uranium-238

		146

		92

		1



		thorium-234

		144

		90

		1





(e)  Δθ = 80 °C


1


E = 150 × 4200 × 80


1


E = 50 400 000 (J)


allow 50 000 000 (J)


1


allow max 2 marks for correct calculation using incorrect value of Δθ


allow 1 mark for correct calculation using θ = 20


or θ = 100


an answer of 50 400 000 scores 3 marks


[8]


Q3.


(a)     1 × 10-10 m


1


(b)     (a helium atom) has 2 electrons


accept it has more mass


allow it is not charged


1


(c)     2


1


(d)     neutral


accept 0 or ‘no charge’


1


(because) protons have positive charge and electrons have negative charge


1


(and) there are equal numbers of protons and electrons


1


(e)     helium will one day run out


1


there will be none left for medical uses so balloons waste helium


1


[8]


Q4.


(a)     gamma


allow 1 mark for 1 or 2 correct


beta


alpha


2


(b)     any two from:


•        do not point (radioactive) source at students


•        keep (radioactive) source outside the box for minimum time necessary


•        wear safety glasses or eye protection or do not look at source


•        wear gloves


•        hold (radioactive) source away from body


•        hold (radioactive) source with tongs / forceps


2


(c)     as time increases count rate decreases


1


count rate halves every 80 seconds


1


(d)     half-life is 80 seconds


1


so after 200 seconds count rate = 113


1


(e)     because a very small amount of radiation will be emitted or will be similar to / same as background radiation


1


[9]


Q5.


(a)     Y and Z


1


          they have the same number of protons or same atomic number


accept they have the same number of electrons or same number of protons and electrons
allow only different in number of neutrons N.B. independent marks


1


(b)     Quality of written communication


for correct use of terms underlined in B or C


Q [image: image24.png]



 Q [image: image25.png]



 


1


          A – alpha particle passes straight through the empty space of the atom
or   it is a long way from the nucleus


describes 3 tracks correctly for 2 marks
describes 2 or 1 track correctly for  1 mark


          B – alpha particle deflected / repelled / repulsed by the (positive) nucleus


          C – alpha particle heading straight for the nucleus is deflected / repelled /
       repulsed backwards


do not accept hits the nucleus
do not accept answers referring to refraction
do not accept answers in terms of reflected backwards unless qualified in terms of repulsion


mention of difference in charge on nucleus negates that track


max 2


[5]
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	What is the Structure of the Atom?

















X = proton



Y = Neutron



Z = Electron







(Q) Why is X the proton?





		Particle		Where it is located		Relative mass		Relative charge

		Proton		 Nucleus		 1		 +1

		Neutron		 Nucleus		 1		 0

		Electron		 Energy levels		 1/2000		 -1



Details about particles in the atom

















A = mass number 

      (no. of protons + neutrons in the nucleus)



Z = atomic number 

      (no. or protons in the nucleus)

An atom that has lost an electron

An element with the same number of 

protons but a different number of neutrons







Atoms are very small, having a radius of about _______







The radius of a nucleus is less than ________of the radius of an atom.







Most of the mass of an atom is concentrated in the _______.

1/10 000, nucleus,  























Bohr model of the atom

If an electron moves from a lower energy level

to  a higher level then it absorb radiation



If an electron moves from a higher energy level

to a lower energy level then it needs to 

emit radiation





		What is Rutherford scattering?

























The Rutherford Scattering experiment proved the following:



The nucleus must be very small and dense as very few of the alpha particles 

were deflected backwards







This was replaced by the Nuclear model of the atom
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48, 1

This is a model of an atom.
Name the parts X, Y and Z






image2.png

+ Intheterm £y

Whatis Aand Z?

+ What is a positive ion?

+ What is an isotope?
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1/10 000, nucleus, 1 x10 10 m,
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Link up the scientist to the development

‘Scientist and date(s)

Development

Demociitus (470-380 BC)

‘All atoms of the same element are the same.

Dalton (1808)

Discovered protons and the nucleus

JJ Thomson (1897)

All matter is made of very small indiisible
“atomos’

Rutherford (1911)

Discovered neutrons

‘Bohr (1913) Discovered the electron and proposed the
“plum pudding’ model of the atom
Chadwick (1932) ‘Suggested that electrons move around the

nucleus in specific layers
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In 1909, scientists in Rutherford’s lab tried firing a beam of alpha particles

at thin gold foil — they used a set-up similar to Figure 2. A circular
detector screen surrounds the gold foil and the alpha source, and is used to
detect alpha particles deflected by any angle. This was the alpha particle
scattering experiment.
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A
alpha source gold foil \ circular detector
screen surrounds
the source and foil

alpha particle beam any deflection™
can be detected

/
/

Figure 2: The experimental set-up for detecting whether
alpha particles have been scattered by gold foil.
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Most of the atom must be empty space because most of the alpha
particles passed straight through the foil.

The nucleus must have a large positive charge as some positively-charged
alpha particles were repelled and deflected by a big angle.
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Nearly 100 years later, ] ] Thomson discovered particles called electrons that
could be removed from atoms. So Dalton’s theory wasn't quite right (atoms
could be broken up). Thomson suggested that atoms were spheres of positive
charge with tiny negative electrons stuck in them like fruit in a plum pudding
— this is called the ‘plum pudding model’.

negatively-charged
electrons

sphere of
positive charge

Figure 1: The plum pudding model of the atom.








What s the Structure of the Atom?
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[image: image1.png]ctice Questions — Fact Recall

Q1 Describe the plum pudding model of the atom.

Q2 What results were expected from the alpha particle scattering
experiment?

Q3 What results were seen in the alpha particle scattering experiment?
How did they show that the atom has a small, positively-charged
nucleus and is mostly empty space?






[image: image2.png]Practice Questions Fact Recall

Q1 What three types of particle make up an atom?
Q2 Which subatomic particle in an atom is not found in the nucleus?
Q3 What is the relative mass and charge of a neutron?

Q4 What can you say about the number of protons and electrons in a
neutral atom? Why?

Q5 What is meant by atomic number and mass number?

Q6 What can you say about the atomic number of two atoms of the
same element?

Q7 What is an isotope of an element?






[image: image3.png]Practice Question — Applica

Q1

n

Particle A has 17 protons, 18 neutrons and 16 electrons.
Particle B has 17 protons, 20 neutrons and 17 electrons.
a) What is the overall charge of particle A?

b) Explain how you know that particle A is an ion.

) Explain how you know that particles A and B are isotopes of the
same element.






Answers


[image: image4.png]Q1 According to the model, an atom is made of a
positively-charged sphere with tiny negative electrons
stuck in it (ke plums in a plum pudding).

Q2 It was expected that alpha particles fired at thin
gold foil would be deflected at most by a very small
amount by the electrons in the atoms.

Q3 Most alpha particles passed straight through and
the odd one bounced straight back. The fact that
most alpha particles passed straight through the foil
showed that most of the atom is empty space. Some
positively-charged alpha particles were deflected
by the nucleus by a large angle, showing that the
nucleus had a large positive charge. Very few alpha
particles bounced back, showing that the nucleus is
very small.






[image: image5.png]Qr

Q
Q3
Q4

Qs

Protons, neutrons and electrons.

The electron.

The relative mass is 1 and the relative charge is 0.
They are equal. The atom has no overall charge (its
neutral), so the charges must be equal (and opposite)
to cancel each other out.

Atomic number is the number of protons in the
nucleus of an atom. Mass number is the number of
protons and neutrons in the nucleus of an atom.






[image: image6.png]Q6 The atomic number is always the same (they have the
same number of protons).

Q7 Another form of the same element which has atoms
‘with the same number of protons (atomic number) but
a different number of neutrons (mass number).






[image: image7.png]Q1 a) 17-16=+1
Remember, electrons have a negative charge of -1 and
protons have a positive charge of +1
b) The particle has an overall charge/the particle has
more protons than electrons.
©) They have the same number of protons but a
different number of neutrons.







